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The invention relates to a method of manufacturing 
a pattern of an electrically conductive polymer on a sub- 
strate surface, a solution from which the conductive pol- * 
ymer is formed being provided on the substrate surface 
as a liquid layer, after which said liquid layer is optionally 
dried, exposed to patterned radiation and then heated, 
thereby forming the pattern of electrically conductive 
polymer. The invention also relates to the metallization to 
of such a pattern. 

In general, organic polymers are electrical insula- 
tors and are therefore used as insulation material in 
electrical and electronic components. It is known that 
the polymer can become electrically conductive if it com- « 
prises a poly-conjugated bond system consisting of a 
chain of, for example, double bonds, triple bonds, aro- 
matic or hetero-aromatlc rings. This conductivity is re- 
ferred to as intrinsic conductivity. Examples of such pol- 
ymers are polyacetylene, pplythiophene and polypyr- 20 
role. The conductivity of these polymers is generally low, 
since said polymers are semiconductors with a relatively 
large band gap of 1.5-4 eV. The conductivity can be in- 
creased by, for example, (eiectro)chemicalty oxidizing 
the polymer, termed doping, resulting in the formation & 
of p-type conductors. Suitable dopants for obtaining p- 
type conductance are, for example, l 2 , AsF$, SbF 5 , 
HBF 4> perchlorates, sulphonates, SQ 3 and FeCI 3 . This 
doping causes the formation of positive charge carriers 
on the polymer chains, which charges are compensated so 
by negatively charged counterions. 

In general, polymers are cheap and can be provided 
on a substrate by means of simple techniques, such as 
spin coating. Consequently, conductive polymers are at- 
tractive for use in conductive and semiconductive struc- 35 
tures in (integrated) electronic circuits, printed circuit 
boards, anti-static coatings and electromagnetic protec- 
tive layers. To realise completely organic electronic sys- 
tems, interconnects based on conductive polymers 
must be available. 40 - 

A method of manufacturing a pattern of an electri- 
cally conductive polymer is known from European Pat- 
ent Application EP-A-39929g. In said known method, a 
mixture of a conjugated polymer, such as polyaniline, a 
radiation-sensitive onium salt and a solvent is provided 
on a substrate surface. After heating, the substrate sur- 
face is exposed to patterned radiation with, for example, 
U V light and heated again. An example of an onium salt 
is triphenylsulphonlum hexaftuoroantimonate. As a re- 
sult of said exposure to radiation, the onium salt gener- so 
ates free acid which protonates the polymer, thereby 
forming a conductive polymer having negative ions as 
counterions. The known method is a positive process. 
The exposed areas of the polymer layer become elec- 
trically conductive, whereas the non-exposed areas re- ss 
main electrically non-conductive. The unexposed areas 
are removed by treating them with a suitable solvent. 
A drawback of the known method is that the specific 



conductivity of t^^nductive polymer formed is too low, 
so that said conductive polymer cannot be used as an 
interconnect in electronic circuits. The stated maximum 
conductivity values are 0.01 -0.1 S/cm. This specific con- 
ductivity is also too low to provide, if desired, by electro- 
plating polymer layers of a customary small layer thick- 
ness with a metal layer of, for example, copper for use 
in printed circuit boards. 

It is an object of the invention to provide, inter alia, 
a simple method of manufacturing an electrically con- 
ductive polymer pattern, which method is a negative 
process in which the specific conductivity of the conduc- 
tive parts of the polymer pattern is higher than 0. 1 S/cm 
and the specific conductivity of the other (■non-conduc- 
tive") parts of the polymer pattern is at least a factor of 
10 4 lower, and in which the conductive polymer pattern 
can be galvanically re-inforced with a metal layer. 

According to the Invention, this object is achieved 
by a method as described in the opening paragraph, 
which is characterized in that the solution also compris- 
es an oxidation agent and a base, and in that conductive 
polymer is formed in the unexposed areas and non-con- 
ductive polymer is formed in the exposed areas. Non- 
conductive polymer is to be understood to mean herein, 
a polymer whose specific conductivity is at least a factor 
of 10* lower than the specific conductivity of the con- 
ductive polymer. The presence of an oxidation agent 
causes the specific conductivity values of the polymers 
formed to be higher than they would be if no oxidation 
agent were used. However, solutions comprising mon- 
omers or undoped oligomers or polymers and, in addi- 
tion, typical oxidation agents used for doping, such as 
Fe(lll) salts, are very unstable. When these components 
are mixed, instantaneously doped polymers are formed 
in the solution, so that the formation of a conductive pol- 
ymer pattern on a substrate is impossible. Surprisingly, 
it has been found that the reaction rate of the polymer- 
ization reaction and/or doping reaction is lowered by 
adding small quantities of a base to the solution. De- 
pending on the concentration of the base, the reaction 
can be suppressed completely at room temperature. An 
effective base concentration enables solutions compris- 
ing monomers, oligomers or polymers and a suitable ox- 
idation agent to remain stable, at least at room temper- 
ature, for approximately 12 hours: no polymerization 
takes place. These stable solutions enable thin layers 
to be provided on a substrate by means of, for example, 
spin coating. Following the heating of the layer, an elec- 
trically conductive polymer is formed. If the spin coated 
layer of monomers or oligomers is exposed, prior to 
heating, to for example UV light, surprisingly, a non-con- 
ductive polymer is formed after heating. If the spin coat- 
ed layer is partially exposed, conductive polymer is 
formed, after heating, in the unexposed areas and non- 
conductive polymer [i.e. having a specific conductivity 
which is at least a factor of 10 4 lower) is formed in the 
exposed areas. Patterned irradiation via. for example, 
a mask results, in accordance with this method, in con- 
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ductive pofym<^R,m S jn the unexposed areas and 
areas of insulatinf^lymer in the exposed areas. Thus, 
theprocessconducted in this manner is a negative proc- 
ess: the exposed areas become non-conductive Unlike 
other known methods, the manufacture of a conductive 
polymer pattern in accordance with the invention does 
not require a separate photoresist layer. As the conduc- 
tive and non-conductive areas of the polymer layer are 
situated in one plane, a separate planarization layer is 
not necessary to further finish, for example, an electron- 
ic circuit 

Suitable polymers for the method in accordance 
with the invention are aromatic compounds, such as an- 
yone and heterocyclic aromatic compounds, such as pyr- 
role, f uran and thiophene. To increase the solubility and 
improve the processability. the monomers can be sub- 
stituted with, tor example, alkyl groups oralkoxy groups 
An example of such a compound Is 3-dodecytthtopnene 
Suitable oligomers are. for example, terthiophene and 
a, ^upledundecathtophenesubsttuted with four do- 
decyj side chains, referred to In literature as T ta d. 
(2,5.8.11). /.a 12 thiophene rings (T 12 ) with 4 dodecyl 
side chains (dj on the rings 2.5.8 and 11 . Oligomers of 
thiophene can more easily be doped than thiophene »- 

2 ,?T" e P0>m9n tor *• me,hod n accordance 
!S jj e * ven,,on are - *» example, substituted or un- 
substrtuted poyaniline and polythiophene. 

Suitable oxidation agents for the method in accord- 
ance wrth the invention are. for example, soluble Feflll) 
sans, such as trie(tolueneeulphonate)Fe(lll), Cufll)- 
eafts. such as CufBF^ Ce(IV)-salts and Cr(lll)-salts 
A surtable organic oxidation agent is. for example; 
^.3-dichloro-5.6-dicyanoparaben2oquinone (DDQ) 
Th e choice of the oxidation agent depends on the redox 
potential of the monomer, oligomer or polymer used In 
order to be able to suppress the polymerization/doping 
reaction at room temperature, the redox potentiate of the 
oxidation agent and the monomer, oligomer or polymer 
must not differ too much. f**ymer 
Suitable soluble bases tor this method are for ex- 
ample. Imidazole, dicyclohexylamine and 1.8-diazabi- 
cyclof5,4,0]undec-7-ene (DBU). 

Asuitableembodimentofthemethod in accordance 
with the invention is characterized in that 3.4-ethylene- 
droxythiophene is used as the monomer. A solution of 
3.4-ethylenedioxythiophene (EDOT), a suitable base 
quantity and an Fe(lll)-salt as the oxidation agent is sta- 
ble at room temperature. A layer of this solution can be 
provided on a substrate by spin coating Optionally the 
teyer « subsequently dried and exposed to patterned 
radiation. The polymerization reaction is initiated by 
heating to approximately 110»C. resulting in the forma- 
tion of a conductive polymer having a high specific con- 
ductivity of 300 S/cm in the unexposed areas andanon- 
conductrve polymer (specific conductivity 10-3 S/cm) in 
the areas exposed to deep UV light Following the ex- 
posure and heating of the layer, the layer is extracted 
wrth, forexample, methanolor 1-butanol. This extraction 
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(iij-san formed, to be removed from the layer. 
The above-mentioned conductivity and difference in 
conductivity between exposed and unexposed areas of 
at least a factor of 10* are sufficient for the use as inter- 
connect and tor a possible galvanic reinforcement with 
ametelbyer. Layers of conductive poly-3,4-ethylenedi- 
ox^iophene are stable when they are exposed to UV 
Hgnt (K > 300 nm). The temperature stability of this con- 
ducting polymer is much better than that of other known 
polymers. Besides, this conductive polymer hardly ab- 
sorbs visible light, so that this polymer can suitably be 
used as a transparent conductor. The ethylene group of 
f I substitu,ed Ci-C, 2 the above-men- 
tioned alkyl groups or alkoxy groups. Also oligomers of 
EDOT, whether or not substituted, can be used in the 
method in accordance with the invention, an example of 
such an oligomer being the tetramer of EDOT-C 6 H 13 

The specific conductivity of the conductive polymer 
pattern and the difference In conductivity between ex- 
posed and unexposed areas of at least a factor of 10* 
are such that a metal layer can be grown on this pattern 
m an electroplating bath. Consequently, the method in 
accordance with the invention can particularly suitably 
be used tor the manufacture of metal tracks on insulat- 
ing substrate surfaces, such as printed circuit boards 
The metal layer to be provided may for example consist 
of silver, copper, nickel or chromium. For this purpose 
customary, commercially available electroplating baths 
of simple composition can be used. In this manner, the 
use of electroless metallization baths is circumvented 
Electroless metallization baths have the drawback that 
expensive noble metals (mostly palladium) are required 
to activate the substrate surface and that the metalliza- 
tion baths used readily become unstable. Besides toxic 
reducmg agents, such as formaldehyde, are often used 
m said baths. A further drawback of the standard elec- 
troless method is that the activation is non-selective, so 
that the deposited uniform metal layer must subse- 
quently be patterned photolithographically and bv 
means of chemical etching, which Is a very time-con- 
suming process. The method m accordance with the in- 
vention makes it possible to provide conductive metal 
patterns of. forexample. copper on an electrically insu- 
ring substrate in a simple manner by means of elec- 
trodeposition. Forthe substrate use can be made of syn- 
thetic resins, glass, quartz and ceramics 

The invention will be explained in greater detail by 
means of exemplary embodiments and drawings, in 
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Fig. 1 shows the structural formula of 3.4-ethylene- 
dioxythiophene (EDOT), 

F i 9 ,;«i!! OW8 the 8tructuraJ tamnula of the tetramer 
ofEDOT-C 6 H 13 , and 

Fig. 3 shows ihe formula of imidazole 
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Fxamolatv embodiment,! 

A quantity of 0.35 mmol 3.4-elhylenedioxythl- 
ophene (EDOT, supplier Bayer AG, formula see JJl) 
is mixed withasolution of 0.81 mmoltr«<toluenesulpho- 
nate)Fe(lll) and 0.25 mmol imidazole (formula see Fig. 
3) n 15 g 1-butanol. The solution obtained is stable for 
approximately 12 hours at room temperature. After fil- 

Sionthrougha0.5Mnifi^^ 
onto a silicon substrate. The layer obtained is dried at 
50'C lor 3 minutes. The dried layer is exposed L v/a a 
mask £ patterned radiation with UV light (X < 300 nm) 
£ means' of a Hg temp and. «*-^ 
110»Cfor 1 minute. After cooling, Ihe Fe(ll)-salt toimed 
is extracted from the layer by means of 1 -bulanoL After 
extraction, the average layer thk^essis^^ 
exposed parts of the layer form a track pattern having a 
traTwidthof uptol um and comprise electrically con- 
ductive poly-3.4-ethylenedioxythiophene having a spe- 
cific electric conductivity of 300 S/cm. The exposed 
parts of the layer comprise a n^<ond^ive po^mer 
having a specific conductivity of only 10-2-10* S/cm. 
Thusthisembodimentoflhemethodisanegatweproc- 

Etoth the conductive and the non-conductive polymers 
are transparent to visible light; thus, this embodiment of 
the invention yields transparent conductors. The con- 
ductive polymer which is doped insitu is surrounded 1 by 
areas of non-conductive polymer, rendering further 
planarization steps superfluous. The conductive pat- 
terns are stable in UV light (X > 300 nm) and. besides 
have a higher thermal stability than the conduce pol- 
ymers known todate.Aflerheatingfor3hou,sa^ 1100 C 
L specific conductivity is 200 S/cm. while heating for 
he Jame period of time at 150'C causes the specific 35 
cond^ivrS to decrease only to50 S/cm. After heating 
, or only 1 minute at 110'C, the dopant is complete* £ 
moved Ifrom the conductive polymer of. for example, the 
thiophene oligomer T,2. 

FYnmplarv embodiment 2. 

A solution is prepared which consists of 0.055 mmol 
of the tetramer ol EDOT-C 6 H 13 (formula see FigJO. 
0.037 mmol 1 ,4-benzoquinone, 0.163 mmol orthom- 
trobenzyltosylate in 1.5 g tetrahydrofuran. The solution 
Ispin coated onto a substrate and dried for 1 minute at 
90'C. The layer is exposed to patterned radiation with 
UV light (X < 300 nm). After heating for 2 minutes at 
140-C the specific conductivity of the unexposed areas 
is 10 S/cm. whereas the exposed areas remain . eledri- 
calVinsulating(resistance>109/a specific conductivity 
Si SU. "mis method enables conductive polymer 
patterns having a line width of 5pm to be obtained. 

Fyemolarv Qmhodiment 3, 

A solution is prepared which consists of 0.35 mmol 
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3.4-elhylenedioxythioWe. 0.25 mmol imidazole and 

0 81 mmol tris(toluene8ulphonate)Fe(lll) in 1 .5 g 1 -bu- 

tenol.Afterfiltratton1hroughaO.5pm filter, the .solution 

is spin coated onto a beaded PMMA (polymethyl meth- 

acrylate) substrate. The layer obtained has a thickness 

of approximately 1 pm. Parts ol the layer are exposed 

to deep UV light (X < 300 nm). Subsequent*, the layer 

i, polymerized to poly-3.4-ethy1enediox^ 

heating at 110* C for 1 minute. After cooling, the layer 

^xuactedwithl-butanol. causing the layer threes 

to decrease to 700-1 000 A. The unexposed area8 01 
ChL«resistanceof0.4W10 The exposed areas 

of the layer have a conductivity which is at l^atector 
oM0* IcLr.The layer is then copper-plated* an aque_ 
ous copper bath containing 0.5 molar 0uSO 4 and I OS 
nwlarHsSO, at room temperature. The current density 

(/ a unexposed) parts of the polymer layer. The copper 
laver bonds very well to the polymer layer. 

The method in accordance with the invents ena- 
bles polymer patterns to be manufactured n a pofymer 
Syer theepecific conductivity of thecon^ctivepartsol 
Z polymer pattern berg at least 0.1 Stem and ^ng 
a factoTof 10* higher than the specific ^nnty of 
the non-conductive parts. In accordance with the mven- 
SXSnduct^e poster pattern can be gaJvanicalty 
Jrcvided with a metal layer, thereby fonning a eon* 
spending metal pattern. Thus, the method in accord- 
ed wit^e invention can very sur^ 
additive manufacture of metal patterns and, hence, is a 
favourable alternative to electroless metallization. 
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Claims 

1 A method of manufacturing a pattern of an electri- 
cally conductive polymer on a substrate surface, a 
solution from which the conductive polymer is 
formed being provided on the substrate surface as 
a liquid layer, after which said liquid layer .s option- 
ally dried, exposed to patterned rad.at.on and then 
heated, thereby forming the pattern ol electrically 
conductive polymer, characterized in that the solu- 
tion also comprises an oxidation agent and a base 
and in that conductive polymer is formed in the un- 
exposed areas and non-conductive polymer is 
formed m the exposed areas. 

2. a method as claimed in Claim 1. characterized in 
thatpoly-3.4-ethylenedioxy1hiophene3.4-ethylene- 
dioxythiophene is used as the polymer resulting 
from monomers in the solution. 

3. AmethodasclaimedinClaiml or2.characterrzed 
in that an Fe(lll)-salt is used as the ox.dat.on agent. 

4. A method as claimed in Claim 1 . 2 or 3, character- 
ized in that imidazole is used as the base. 
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6. A method as^Bbd in any one of the preceding 
Claims, chara^TOed in that an electroplating bath 
is used to provide a metal layer on the conductive 
polymer pattern. 

6. A method as claimed in Claim 5, characterized in 
that copper, silver, nickel or chromium is used as 
the metal layer. 



PatentansprQche 

1. Vertahren zum Herstellen eines Musters aus einem 
elektrisch teitenden Polymer auf einer Substrat- 
oberflache, wobei sine Losung, aus der das leiten- 
de Polymer gebildet wird, als FIQssigkeitsschicht 
auf der Substratoberfiache angebracht wird, wo- 
nach die FIQssigkeitsschicht getrocknet und da- 
nach mustermaBig belichtet und daraufhin unter 
Bildung das Musters aus elektrisch leitendem Poly- 
mer erhitzt wird, dadurch gekennzeichnet, daB die 
Losung zugleich ein Oxidations mitt el und eine Base 
aufweist und daB in den nicht-beOchteten Teilen lei- 
tendes Polymer und in den belichteten Teilen nicht- 
leitendes Polymer gebildet wird. 

2. Vertahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB Poly-3,4-Athylendioxythiophen verwendet 
wird als das Polymer, das aus 3,4-Athylendioxythio- 
phenmonomeren in der Losung hervorgeht. 

3. Vertahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daB als Oxidationsmittel ein Fe(lll)- 
Salz verwendet wird. 

4. Vertahren nach Anspruch 1, 2 oder 3, dadurch ge- 
kennzeichnet, daB ale Base Imidazol verwendet 
wird. 



guratio^^Bors chauff ee, de ce fait constituant la 
configuiffin d'un polymere dlectriquement con- 
ducteur, caractdrisd en ce que la solution comporte 
egalement un agent d'axydation et une base, et en 
5 ce que du polymere conducteur est f onmd dans las 
zones non exposees et en ce que du polymere non 
conducteur est form* dans les zones exposles. 

Z Proc&Je* selon !a revendication 1 , caractdrisd en ce 
10 que du pory-3,4-ethylenedbxythiophene s'utilise 
comme polymere resultant d*une solution consti- 
tute de monomeres constituds de 34-ethyle- 
nedioxythiophene. 

'5 3. Procdde* selon la revendication 1 ou 2, caracterise 
en ce qu'un sel de Fe(lll) s'utilise comme agent 
d'axydation. 

4. Precede selon la revendication 1 , 2 ou 3, caracte- 
20 rise en ce que de Pimidazole s'utilise comme base. 



6 



5. Proc6de selon Tune quelconque des revendicatbns 
precedentes, caracterise en ce qu'un bain electro- 
fytique s'utilise pour deposer une couche m6tallique 
sur la configuration polymere conductrice. 

6. Precede" selon la revendication 5, caracterise en ce 
que du curvre, de I'argent, du nickel ou du chrome 
s'utilise comme couche metallique. 
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5. Vertahren nach einem der vorstehenden Anspru- *o 
che, dadurch gekennzeichnet, daB zum Anbringen 
einer Metallschicht auf dem leitenden Polymermu- 
ster ein Metallisierungsbad verwendet wird. 



6. Vertahren nach Anspruch 5, dadurch gekennzeich- 
net, daB Kupfer, Silber, Nickel oder Chrom als Me- 
tallschicht verwendet wird. 



Revendication* 50 

1. Precede pour fabriquer une configuration d'un po- 
lymere electriquement conducteur sur une surface 
de substrat, une solution a partir de laquelle est for- 
me le polymere conducteur etant appliquee comme ss 
couche de liqulde sur la surface de substrat apres 
quo! ladite couche de liquids est sechee facuttati- 
vement, exposes a du rayonnement mis en confi- 
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